This paper attempts to determine the factors generating the persistence of unemployment over the business cycle. The observations show that the total unemployment rate is highly persistent, and that the persistence of the unemployment rate of unskilled workers is higher than that of skilled workers. To account for these observations, the paper develops a framework that features search frictions. Individuals are either high educated or low educated, and firms post two types of vacancies: the complex, which can be matched with the high educated, and the simple, which can be matched with the high and the low educated. On-the-job search for a complex occupation is undertaken by the high educated in simple occupations. A negative aggregate technological shock induces the high educated unemployed to compete with the low educated by increasing their search intensity for simple vacancies. As the high educated occupy simple vacancies, they crowd out the low educated into unemployment. This downgrading of jobs in a cyclical downturn, or the increase in the labor input of the high educated in simple occupations, and the subsequent crowding out of the low educated into unemployment, provide a possible explanation for unemployment persistence.
INTRODUCTION
This paper attempts to determine the factors generating the persistence of unemployment over the business cycle. To this end, the paper derives a set of stylized facts that capture not only the high persistence of the total unemployment rate, but also the higher persistence of the unemployment rate of unskilled workers compared to that of skilled workers. In addition, the observations capture the cyclical allocation of labor input in a labor market with heterogeneous agents across educational levels. These additional observations reflect a lagged cyclical upgrading of jobs by the college-educated, or a lagged cyclical increase in their labor input from jobs that do not require college education to ones that do. This provides a possible explanation for unemployment persistence, as in a cyclical downturn the skilled workers compete with the unskilled workers for unskilled jobs, and thus crowd out the unskilled into unemployment. This intuition, based on job competition across skills and the consequent crowding out of the unskilled into unemployment, is used to develop a model that is capable of reproducing the observed unemployment persistence.
Using the Outgoing Rotation Group of the Current Population Survey for the period from 1979 to 2008, the participants are divided into those employed and those unemployed. The two groups are further divided into those high and low educated, where the former are those with at least some college education. The employed types are further divided into those working in complex and in simple occupations, where the former are jobs that require at least some college education. Therefore, a monthly data set is compiled, including measures of employment and total hours of the high educated in complex and in simple occupations and employment and total hours of the low educated in simple occupations, besides the unemployment rates of the high and the low educated, as well as a measure of the crowding out of the low educated by the high educated in occupying simple jobs. The observations suggest that an economic expansion is accompanied contemporaneously by an increase in the employment and total hours of all labor types employed in simple occupations, followed with a lag by an increase in the employment and total hours of those employed in complex occupations and a decrease in the unemployment of the two types of labor, and the crowding-out effect. These observations reflect possible lagged cyclical upgrading of jobs by the high educated, through increasing their level of employment and their hours of work in complex occupations. This also implies a lagged downgrading of jobs and a consequent crowding out of the low educated into unemployment after an adverse shock, which provides a possible explanation for the persistence of unemployment.
The paper develops a model to identify the underlying market interactions that are critical in generating the observed behavior along the lines of this intuition. These interactions are captured in a dynamic stochastic general equilibrium model that features search frictions. Households are divided into high educated and low educated workers. Firms post two types of vacancies: the complex, which can be matched with the high educated, and the simple, which can be matched with both the high and the low educated. The high educated in simple occupations are allowed to search on the job for a complex occupation. An adverse aggregate technological shock induces the high educated unemployed to compete with the low educated, as they increase their search intensity for simple vacancies. As the high educated occupy simple vacancies, they crowd out the low educated into unemployment. This downgrading of jobs, or the increase in the labor input of the high educated in simple occupations, and the subsequent crowding out of the low educated into unemployment, provide a possible explanation for unemployment persistence.
This paper adopts a different approach than previous studies that attempted to explain the persistence of unemployment. For instance, Esteban-Pretel (2005) and Esteban-Pretel and Faraglia (2005) include the aspect of skill loss by the high educated if unemployed for an extended period of time, in order to explain the persistence of unemployment. When the economy suffers an adverse shock, unemployment increases and the creation of vacancies declines, thus lengthening unemployment spells. The increase in the duration of unemployment causes workers to lose their skills, which leads to an increase in the unemployment of the unskilled. The increase in the unemployment of the unskilled, who have a lower probability of finding a job, raises the average duration of unemployment in the economy, and accordingly the persistence of unemployment. In addition, Pries (2004) argues that even though unemployed workers find jobs quickly, due to the high job-finding rate, following a shock that triggers a burst of job loss, the newly found jobs often last only a short time. After initial job loss, a worker may experience several short-lived jobs before settling into more stable employment. This recurring job loss contributes to the persistence of unemployment. Eriksson and Gottfries (2005) argue that employers use information on whether the applicant is employed or unemployed as a hiring criterion, because the perceived productivity of an unemployed worker may be lower than that of an employed worker, as human capital is lost in unemployment. This ranking of job applicants by employment status increases the level and persistence of unemployment. Eriksson (2006) extends this framework to argue that long-term unemployed workers do not compete well with other job applicants because they have lost the abilities that employers find attractive. In a model with short-term and long-term unemployed workers, firms prefer to hire the unemployed who have not lost their human capital. This ranking of job applicants results in a lengthy adjustment process and is capable of generating persistence after an adverse shock. This paper, however, argues that unemployment persistence can be reproduced in a model without the aspects of skill loss, recurring job loss, or ranking of job applicants. The success of this model is attributed to the additional dynamics that it introduces, such as competition between those distinguished by their educational levels for a job with a particular educational requirement, the crowding out of the unsuccessful by the successfully matched, and the possibility of a mismatch between the educational level of the successful and the educational requirements of the job they occupy. This downgrading of jobs can explain unemployment persistence.
The remainder of the paper is organized as follows: Section 2 presents the stylized facts, Section 3 develops the model, Section 4 discusses the calibration, Section 5 analyzes the results and the sensitivity analysis, and Section 6 concludes. The Appendix includes the data and derivations.
OBSERVATIONS
To derive the business cycle patterns of labor market variables that reflect agent heterogeneity in educational levels and the educational requirements of jobs they are occupying, a time series is compiled from the Outgoing Rotation Group of the Current Population Survey CPS.
1 This Survey provides monthly information from January 1979 until December 2008 on the participants' employment status, level of education, type of occupation, and hours of work.
To compile a time series out of this survey, the labor market participants in each monthly file are divided into those employed and those unemployed. Each group is further divided into those high and low educated, where the former are those who obtained at least some college education. Each of the two employed groups is further divided into those working in a complex occupation and those working in a simple occupation, where the former is a job that requires at least some college education. This provides four employed and two unemployed types: the high educated employed in a complex occupation, the high educated employed in a simple occupation, the high educated unemployed, the low educated employed in a complex occupation, the low educated employed in a simple occupation, and the low educated unemployed. The low educated employed in a complex occupation are dropped from the sample due to their insignificant proportion out of all the low educated, and out of all those employed in complex occupations. Levels of employment are calculated for the three employed types, and levels of unemployment are calculated for the two unemployed types. Using the weighted average weekly hours of work of each group and the level of employment, the total hours of each group are derived. The proportion of each unemployed type out of the total sample is also calculated. Finally, a crowding-out variable is defined as the proportion of the total hours of the high educated among the total hours of all those employed in simple occupations, such that its increase reflects an increase in the crowding-out of the low educated by the high educated in occupying this type of job.
Therefore, the variables compiled and used in the analysis are (1) the employment level, the average weekly hours, and the total hours of the high educated employed in complex occupations, (2) the employment level, the average weekly hours, and the total hours of the high educated employed in simple occupations, (3) the employment level, the average weekly hours, and the total hours of the low educated employed in simple occupations, (4) the proportion of the high educated unemployed, (5) the proportion of the low educated unemployed, and (6) the crowding-out effect. This monthly time series is transformed into quarterly data by taking three-month averages. The data average during the period under study of the proportion of the high educated in complex occupations out of the total labor force is 0.23, and that of the high educated in simple occupations is 0.25, whereas that of the low educated in simple occupations is 0.46. The data average of the proportion of the high educated unemployed is 0.02, and that of the low educated unemployed is 0.04, which gives a total unemployment rate of 6%.
The cross-correlation coefficients between real gross domestic product in period t and each of these variables in lag and lead periods are displayed in Table  1 . These patterns demonstrate that the employment level and average hours of the high educated in complex occupations are procyclical with a lag. Therefore, the total hours of the high educated in complex occupations are procyclical and lags Cross correlations of output(t) and x(t + i) the cycle by three quarters, as the cross-correlation coefficient with output reaches 0.4742, which is statistically significant with a p-value of zero. The employment level and average hours of the high and low educated employed in simple occupations are procyclical. Thus, the total hours of the high and the low educated in simple occupations are positively correlated with contemporaneous output, with cross-correlation coefficients of 0.5483 and 0.7105, respectively, that are statistically significant with p-values of zero. The proportion of the high educated unemployed is countercyclical and lags the cycle, with a cross-correlation coefficient with output that reaches −0.6275 and is statistically significant, whereas the proportion of the low educated unemployed is counter-cyclical with a crosscorrelation coefficient with output of −0.8877 that is also statistically significant. The total unemployment rate is countercyclical, with a cross-correlation coefficient of −0.8877 that is statistically significant. Finally, the crowding-out effect is countercyclical with a lag, as the fourth lagged cross-correlation coefficient of −0.3549 is statistically significant. These patterns are summarized as follows: Table 2 shows the cyclical patterns of the aggregate unemployment rate and hours of work extracted from the Bureau of Labor Statistics (BLS). The observations show that the unemployment rate is countercyclical, and the hours of work are procyclical. These observations are consistent with those on the disaggregated data extracted from the Current Population Survey (CPS). Table 3 displays the serial correlations of the total unemployment rate, and of the unemployment rates of the high and the low educated. The observations from the CPS data show the high persistence of total unemployment, and that the persistence of the unemployment of the low educated is higher than that of the high educated. The persistence of the aggregate unemployment rate from the BLS data is similar to that from the CPS data.
The approach of this paper is the use of the cyclical behavior of the variables pertaining to the allocation of labor input to ascertain intuitively the factors behind the business cycle pattern of unemployment and its persistence. For instance, the lagged increase in the total hours of the high educated in complex occupations reveals a possible lagged procyclical upgrading of jobs they are occupying. Evidence on the cyclical upgrading of jobs is provided by Devereux (2000 Devereux ( , 2004 , who used the Panel Study of Income Dynamics for the period 1976-1992 and found that in a recession the skilled occupy jobs that would normally be occupied by the unskilled. Thus, in a downturn, as the high educated compete with the low educated in occupying simple jobs, they crowd out the low educated into unemployment, which contributes to the persistence of total unemployment, and the higher persistence of the unemployment of the low educated compared to that of the high educated.
MODEL
Consider an economy where time is infinite and discrete. The population is of measure 1, and there is a constant fraction δ of households that are ex ante high educated and (1 − δ) that are low educated. The representative firm posts complex and simple vacancies. The complex vacancies are matched with the high educated only, whereas the simple vacancies are matched with both the high and the low educated. The firm also chooses the proportion of simple vacancies directed toward the high educated and that directed toward the low educated. An explanation could be that there are different newspapers for the high educated and for the low educated, so that companies can direct their advertisements about available vacancies to particular newspapers. A high educated worker in a simple occupation is allowed to continue searching on the job for a complex occupation. This is justified, as the two types of vacancies differ according to their creation costs, and these costs generate rents that give rise to equilibrium wage differentials between occupation types.
The model is an extension of Gautier (2002) in a general equilibrium framework, and focuses on the dynamics of the model to explain some aspects of the business cycle. This paper extends that framework into one where employment is considered in the intensive and extensive margins. The paper uses the observed cyclical behavior of the variables pertaining to the allocation of labor input to ascertain intuitively the factors behind the business cycle pattern of unemployment and its persistence. Accordingly, the Gautier (2002) framework is extended to a dynamic stochastic general equilibrium framework that incorporates the aspects of job competition between workers of different education levels on jobs of different educational requirements. In this framework, the matching process determines the level of employment in every occupation, and the hours of work are determined endogenously. This allows the endogenous determination of labor input, which generates the crowding out of the low educated by the high educated in simple jobs in a downturn. Therefore, it is the intuition derived from the observations that justifies the deviation from the Gautier (2002) framework. The other deviation from the Gautier (2002) framework is that directed search is assumed in the model, instead of random search, to capture the distinction between the creation of simple vacancies for the high educated and the low educated. This clarifies the dynamics of job competition and crowding out. As the proportion of jobs created for the high educated increases, the crowding-out effect increases. In this context, we expect the proportion of vacancies directed to the high educated to increase in a downturn, and to decrease in an economic expansion due to the cyclical upgrading of jobs. The matching in Gautier (2002) is between one firm and one worker, whereas this paper departs from this assumption to allow complementarities in the production function.
Households
In this context, the high and the low educated household members are divided into those employed and those unemployed as follows:
where N ij t denotes the number of workers of education type i in occupation type j , where i ∈ (h, l) for high and low educated workers, respectively, and j ∈ (c, s) for complex and simple occupations, respectively. U 
where E t is the expectation operator conditional on the information set available in period t, β is the discount factor, and (C t ) is the utility of period-t consumption of the household C t . 
where W ij t is the period-t wage for labor type ij , and D t is the dividends distributed by firms. The households also take into consideration the employment dynamics of the three types of workers. The high educated workers in complex occupations in period (t + 1) are composed of those of that type who are not exogenously separated in period t according to the separation rate from complex occupations χ hc , in addition to the new matches from the searchers pool, whether they are high educated unemployed or on-the-job searchers, 
The household chooses the optimal proportion of time the high educated unemployed allot to searching for a complex occupation S hc t , such that the disutility from increasing search by one unit is offset by the discounted expected value of an additional high educated worker in a complex occupation,
The household chooses the optimal proportion of time the high educated unemployed allot to searching for simple occupations S hs t , such that the disutility from increasing search by one unit is offset by the discounted expected value of an additional high educated worker in a simple occupation,
The household chooses the optimal proportion of time the low educated unemployed allot to searching for a simple occupation S 
The household chooses on-the-job search intensity O t , such that the disutility from increasing search by one unit is offset by the difference between the discounted expected value to the household from an additional high educated worker in a complex occupation and that of an additional high educated worker in a simple occupation, .
Finally, an additional low educated worker matched with a simple occupation accrues a value to the household that is given by 
where τ h and τ l are the marginal utilities of leisure of the high and the low educated unemployed, respectively.
Firms
The representative firm chooses the number of complex and simple vacancies to post, besides the proportion of the simple vacancies directed to the high educated, in order to maximize the discounted expected infinite sum of its future profit streams. The profit function is given by the difference between the value of its production, where the price of one unit of output is normalized to one, and the total cost incurred for creating the two types of vacancies, as well as the wages of the three labor types. Assuming the firm has the value function 
where ω c is the cost of creating a complex vacancy, and ω s is the cost of creating a simple vacancy. The discount factor of firms is such that it effectively evaluates profits in terms of the values attached to them by households, who ultimately own the firms. Thus, the utility-based and time-varying discount factor used by firms is given by (βλ t+1 /λ t ). The maximization is subject to the production function, which is a composite of the complex occupation 
where A t is the aggregate technology. The maximization problem of the firm is also subject to the employment dynamics:
where q 
The firm chooses the optimal level of simple vacancies to post, V s t , such that the cost of posting a simple vacancy is equal to the discounted expected value of creating an occupation from this vacancy, whether it is filled by a high or a low educated worker, .
The firm chooses the optimal proportion of simple vacancies directed to the high educated, Z t , so that the discounted expected value of an additional high educated worker in a simple occupation is equal to the discounted expected value of an additional low educated worker in a simple occupation: .
From the envelope theorem, the value for the firm of an additional high educated worker in a complex occupation is given by the difference between its marginal productivity and the wage, in addition to the discounted expected value of the match in case the worker is not exogenously separated, .
Similarly, the value for the firm of an additional high educated worker in a simple occupation is given by the difference between its marginal productivity and the wage, in addition to the discounted expected value of the match in case the worker is neither exogenously separated nor matched with a complex occupation as a result of on-the-job search, .
Finally, the value for the firm of an additional low educated worker in a simple occupation is given by the difference between its marginal productivity and the wage, in addition to the discounted expected value of the match in case the worker is not exogenously separated, .
Wages and Hours
We follow the literature in assuming that a realized match share the surplus through a bargaining problem. Therefore, the wage of a high educated worker in a complex 
where ξ hc is the firm's share of the surplus. The wage is a weighted average of two terms: the first indicates that the worker is rewarded by a fraction (1 − ξ hc ) of both the firm's revenues from the worker's productivity and the discounted expected value of the match to the firm. The second term indicates that the worker is compensated by a fraction ξ hc for the foregone benefit from the worker's outside option or the difference between the leisure of a high educated unemployed person and that of a high educated worker in a complex occupation, in addition to the forgone benefit from being matched with a simple vacancy. Similarly, the wage of the high educated worker in a simple occupation is given by 
where ξ hs is the firm's share of the surplus. The wage is a weighted average of two terms: the first indicates that the worker is rewarded by a fraction (1 − ξ hs ) of both the firm's revenues from the worker's productivity and the discounted expected value of the match for the firm. The second term indicates that the worker is compensated by a fraction ξ hs for the outside options or the difference between the leisure of a high educated unemployed person and that of a high educated worker in a simple occupation, in addition to the forgone benefit from being matched with a complex vacancy. Finally, the bargained wage of the low educated worker in a simple occupation is given by 
where ξ ls is the firm's share of the surplus. The wage is a weighted average of two terms: the first indicates that the worker is rewarded by a fraction (1 − ξ ls ) of the firm's revenues from the worker's productivity and the discounted expected value of the match for the firm. The second term indicates that the worker is compensated by a fraction ξ ls for the outside options or the difference between the leisure of a low educated unemployed person and that of a low educated worker in a simple occupation.
The hours of the high educated in complex occupations are chosen so that the disutility of leisure from increasing the hours of work by one unit is offset by the increase in marginal productivity due to an increase in hours by one unit, 
The hours of the low educated in simple occupations are chosen so that the disutility of leisure from increasing the hours of work by one unit is offset by the increase in marginal productivity due to an increase in hours by one unit, 
CALIBRATION
The functional forms are determined and the parameters are calibrated in order to solve the model numerically. In this context, numerical values are assigned to the structural parameters in order to conduct a quantitative analysis. Table 4 shows the values chosen for the parameters of the model. In this context, some of the parameters are set as is standard in the literature. Because information may not be available for the other parameters, their values are computed in the steady state system of equations after values are set for variables quantifiable from the data. It is worth mentioning that the time period in the model is a quarter. The steady state values for certain variables are calculated from the averages in the data set during the period under study. For instance, the proportion of the high educated in the population, δ, is set at 0.5, which equals the data average. Similarly, the proportions of the employed types are set at N hc = 0.23, N hs = 0.25, N ls = 0.46 and the unemployed types at U h = δ − N hc − N hs = 0.02, U l = 1 − δ − N ls = 0.04, and U = 0.06, which are equal to the data averages during the period under study as well. ) = 0.39 is also set equal to the data average. The household's discount factor β is given by 0.98, which is standard in the literature. The instantaneous utility function of consumption is represented by the logarithm of consumption expenditures, (C t ) = ln(C t ). A nonlinear utility function of leisure is introduced to examine the case when workers are risk-averse to fluctuations in hours worked. In this context, if workers dislike high volatility in hours, firms find it more appealing to adjust the level of employment rather than the level of hours. Therefore, the instantaneous utility function of leisure is given by
, such that η = 4, which implies that the average individual labor supply elasticity is 1 2
, which is consistent with the bulk of empirical estimates. The parameter in the utility of leisure for the high educated unemployed, τ h , is given by 1.7; for the low educated unemployed, τ l is given by 0.7. The parameter in the utility of leisure for the high educated in complex occupations, τ hc , is given by 2.5; for the high educated in simple occupations, τ hs is given by 0.7; and for the low educated in simple occupations, τ ls is given by 0.6. These parameters are solved for in the steady state equations for the optimal hours of work, given the proportion of employment and hours of work of every type.
The determines the matches, and accordingly targets the separation rates. The separation rates χ hc , χ hs , and χ ls from the complex and simple occupations are given by 0.01, 0.02, and 0.02, respectively. These are selected so that the separation rate from simple vacancies is higher than that in complex ones, and so their average is close to the weighted average separation rate calculated by Hall (2005) and Shimer (2005) .
The costs of creating the complex vacancy ω c and the simple vacancy ω s are 2.28 and 0.12, respectively. These values are determined through the steady state equations for the optimal number of vacancies. The firm's shares of the surplus, ξ hc , ξ hs , and ξ ls , are set at 0.5, 0.5, and 0.5, respectively, as is standard in the literature. The bargaining power of the households is set equal to the elasticity of matching with respect to vacancies, which, as shown in Hosios (1990) , implies that the bargaining process yields a Pareto-optimal allocation of resources. 1−µ , where µ ∈ (0, 1) is the elasticity of output with respect to the complex occupation output. The logarithm of the aggregate technology A t is assumed to follow an AR(1) process as follows,
where A t+1 is an independently and identically distributed random variable drawn from a normal distribution with mean zero and standard deviation denoted by σ A . The elasticity parameter in the production function µ is given by 0.5, as in Krause and Lubik (2004) . The autoregressive coefficient in the technological law of motion, ρ A , is given by 0.9. As is common in the literature, an innovation variance is chosen such that the baseline model's predictions match the standard deviation of the U.S. GDP, which is 1.62%. Consequently, the standard deviation of technology is set to σ A = 0.0049.
ANALYSIS

Impulse Responses
The model is solved by computing the nonstochastic steady state around which the equation system is linearized. The resulting model is solved by the methods developed in Sims (2002) . The success of the model can be primarily assessed by comparing the serial correlations of the total unemployment rate, and the unemployment rates of the high and the low educated produced by the model, referred to as the benchmark model, and those observed in the data. Table 3 shows that the model succeeds in reproducing the high persistence observed in the data. For instance, the first lagged serial correlation of total unemployment is 0.870 in the data and 0.922 in the model. The first lagged autocorrelation of the unemployment of the high educated is 0.796 in the data and 0.908 in the model, whereas that of the unemployment of the low educated is 0.855 in the data and 0.871 in the model. For the remaining lagged serial correlations of the unemployment variables, the persistence is higher in the model than in the data.
The impulse responses in Figures 1 and 2 show the dynamic evolution of the variables of interest, along with a deviation of output from its long-run trend as a consequence of a negative aggregate technological shock. The adverse shock decreases the productivity of all types of workers. This reduces the discounted expected value to the firm of an additional worker of any type. The firm posts complex vacancies so that the expected marginal cost of posting a complex vacancy is equal to the discounted expected value for the firm of an additional high educated worker. Accordingly, the decrease in the marginal productivity of workers induces firms to decrease their posting of complex vacancies. On the other hand, firms post simple vacancies so that the expected marginal cost of posting a simple vacancy is equal to the discounted expected value of creating an occupation from this vacancy, whether it is filled by a high or a low educated worker. Even though the productivity of both types of workers declined, the probability that a simple vacancy is filled by a high educated worker increases. This causes an increase in the posting of simple vacancies directed to the high educated.
Accordingly, the intensity of search for simple vacancies by the high educated increases, and that of search for complex vacancies decreases. This causes a decline in the employment of the high educated in complex occupations, and an increase in the employment of the high educated in simple occupations. As the decline in the former is smaller than the increase in the latter, the unemployment of the high educated increases slightly and then decreases with a lag, contrary to the observations.
On the other hand, the low educated unemployed reduce their search intensity for simple occupations because of the decline in the proportion of simple vacancies directed to this type. This causes a decrease in the employment of the low educated in simple occupations and an increase in the unemployment of the low educated. The impulse responses show a high persistence of total unemployment, and that the persistence of unemployment of the low educated is higher than that of the high educated, consistent with the observations. The hours of work of any type are chosen so that the disutility of leisure from increasing the hours of work by one unit is offset by the increase in marginal productivity due to an increase in hours by one unit. Figure 2 shows that the hours of work of all types in this model increase. This reflects the risk aversion of workers to fluctuations in hours worked. In this context, the firms respond to the adverse shock by adjusting the level of employment and not the hours of work. Due to the increase in the employment and the hours of the high educated in simple occupations, the total hours of this type increase. Therefore, the crowding-out variable increases. This crowding out of the low educated by the high educated contributes to the persistence of unemployment.
Comparing the moments of the model in Table 5 to the data, the model succeeds in several respects. The model replicates the lagged procyclicality of the employment of the high educated in complex occupations, and the lagged procyclicality of the total hours of the high educated in complex occupations. The model does not succeed in reproducing the procyclicality of the employment and total hours of Cross correlations of output(t) and x(t + i) Cross correlations of output(t) and x(t + i) the high educated in simple occupations. The model reproduces the procyclicality of the employment and the total hours of the low educated in simple occupations, but the cyclical pattern of these variables exhibits a lag in the model. The model also succeeds in replicating the countercyclicality of the unemployment of the low educated and the total unemployment. The cyclical behavior of these variables shows a lag that is not observed in the data. The countercyclicality of the unemployment of the high educated is not reproduced by the model for the reasons discussed in the analysis of the impulse responses.
The cyclical upgrading of jobs is reflected in the lagged procyclical employment and total hours of the high educated in complex occupations, which is concomitant to lagged countercyclical employment of the high educated in simple occupations. To further assess the success of the model, a comparison between the crosscorrelation coefficients of the total unemployment rate of the model and the data is shown in Figure 3 . This figure shows how close the correlation coefficients in the model to those observed in the data. Finally, the model produces a countercyclical crowding-out effect, without the lag that is observed in the data.
Sensitivity Analysis
The robustness of the results of the model is examined to check whether the dynamic evolution of the variables of interest is sensitive to the features of a specific framework. The model with job competition and crowding out is considered a benchmark. This framework is compared to another model where there are two types of workers and two types of vacancies, but the aspects of job competition and crowding out are assumed away. In this context, the complex vacancies are filled by the high educated only, whereas the simple vacancies are filled by the low Table  3 . An adverse technological shock reduces the productivity of the high educated and the low educated workers. Firms decrease the creation of complex and simple vacancies, and thus the unemployed reduce their search intensities. This causes a decline in the employment of the two types and an increase in the unemployment rates. The serial correlations of total unemployment and unemployment of the high and the low educated are higher than those observed in the data.
The benchmark model is also compared to another model where there is only one type of worker and one type of vacancy. This model is referred to as the "no-skills" model 9 hereinafter. The impulse responses of this model are shown in Figure 6 . The serial correlations of the total unemployment rate are shown in Table 3 . An adverse technological shock reduces the creation of vacancies. The unemployed reduce their search intensities, and unemployment increases. The persistence of total unemployment in this case is higher than that observed in the data or in the benchmark model. It is obvious from the serial correlations that the "no-crowding" model exhibits the highest persistence, followed by the "no-skills" model, and then the benchmark model, whose persistence is the closest to that of the data. This can be attributed to the observation that after the initial shock, the recovery of the economy is captured in faster recovery of the hours of work, rather than in the employment levels. This causes the unemployment, in these models with the endogenous choice of hours of work, to exhibit higher persistence. The benchmark model is relatively more successful in reproducing the persistence of unemployment because of the feature of job competition, which allows the employment of the high educated in simple occupations to increase after the adverse shock, and accordingly to reduce the unemployment persistence compared to the other models without that feature.
CONCLUSION
This paper attempts to explain the persistence of total unemployment and unemployment across skills over the business cycle. A set of stylized facts imply that economic expansion is accompanied contemporaneously by a rise in the total hours of all labor types in simple occupations and followed with a lag by an increase in the total hours of all those employed in complex occupations and a decrease in the crowding out of the low educated by the high educated in occupying simple jobs. These observations might be intuitively interpreted to reflect a lagged downgrading of jobs by the high educated from a complex to a simple occupation after an adverse shock. Job competition between the high and the low educated to occupy simple jobs, and the subsequent crowding out of the low educated into unemployment by the high educated, can provide a possible explanation for the persistence of unemployment.
To comprehend the factors behind the evolution of these patterns, a model is developed where workers of heterogeneous education levels search for two types of vacancies that are distinguished by their educational requirements. Onthe-job search is allowed. A negative aggregate technological shock induces the high educated unemployed to compete with the low educated by increasing their search intensity for simple occupations. As they occupy simple vacancies, they crowd out the low educated into unemployment. This downgrading of jobs, or the increase in the labor input of the high educated in simple occupations, generates the persistence of unemployment.
The success of this model is attributed to the additional dynamics that it introduces, such as competition between those distinguished by their educational levels for a job with a particular educational requirement, the crowding out of the unsuccessful by the successfully matched, and the possibility of a mismatch between the educational level of the successful and the educational requirement of the job they occupy. Possible extensions to the model include the introduction of skill loss when the worker is unemployed for an extended period of time. A comparison between the impact of skill loss and crowding out as two possible explanations of unemployment persistence could enhance our understanding of economic fluctuations in a labor market with heterogeneous agents. The Outgoing Rotation series is a merged collection of the fourth and eighth month-insample groups from all twelve months. These two groups play a special role, as they are given additional questions, the answers to which are collected in the Outgoing Rotation Group files. The data are monthly and cover the period from January 1979 until December 2008. At the end of each year, the twelve monthly files from January to December are concatenated into a single annual file. The variables extracted are shown in Table A .1. Each annual file is divided into monthly files according to the variable MONTH. For each monthly file, participants in the labor force are split into those employed and those unemployed according to MLR. This variable distinguishes between the employed, the unemployed, and those not in the labor force. Both the employed and the unemployed are further split into high educated and low educated workers, where the former are those who obtained some college education or higher. Table A .2 shows the variables' ranges defining the high and the low educated.
Each worker group, the high or the low educated, is further divided into two groups: those employed in complex occupations and those employed in simple occupations, where the former are jobs that require at least some college education. This mapping between occupations and educational requirements is based on judgment. In most cases, it is straightforward to determine whether an occupation requires college education. In the cases where it is not clear, the occupations are considered once as complex and another time as simple. The results did not change. The complex and simple occupations are defined by the ranges of the variable OCC specified in Table A.3. Therefore, we have four employed and two unemployed types: the high educated employed in a complex occupation, the high educated employed in a simple occupation, the high educated unemployed, the low educated employed in a complex occupation, the low educated employed in a simple occupation, and the low educated unemployed.
The weighted average hours worked last week for each of the working groups are calculated using the proper weights ERNWGT. These weights are created for each month so that, when applied, the resulting counts are representative of the national counts. Thus, the proper application of weights enables the results to be presented in terms of the population of the United States as a whole, instead of just the participants in the survey. To calculate measures of employment and unemployment, the variable MLR is used to distinguish the two groups. The unemployed are divided into high and low educated as explained earlier. The employed are divided into four types as explained earlier. The total hours are calculated by multiplying the level of employment in every type by the weighted average weekly hours of work for each type. A crowding-out variable is calculated as the proportion of the total hours of the high educated amongst the total hours of all those employed in simple occupations. Finally, the variables compiled and used in the analysis are (1) the employment level and the hours of the high educated in complex occupations, (2) the total hours of the high educated employed in complex occupations, (3) the employment level and the hours of the high educated in simple occupations, (4) the total hours of the high educated employed in simple occupations, (5) the employment level and the hours of the low educated in simple occupations, (6) the total hours of the low educated employed in simple occupations, (7) the proportion of the high educated unemployed, (8) the proportion of the low educated unemployed, and (9) the crowding out. Finally, the real Gross Domestic Product data (chained dollars, seasonally adjusted at annual rates) are extracted from the National Income and Product Accounts. As the Gross Domestic Product data are quarterly, these monthly time series are transformed into quarterly ones by taking three-month averages. All variables, except the unemployment ratios and the crowding out, are logged. The data are seasonally adjusted or deseasonalized using a ratio to moving average multiplicative seasonal filter. All variables are detrended using the Hodrick-Prescott filter with a smoothing parameter of 1600. The aggregate unemployment rate is extracted from the Bureau of Labor Statistics. The data are the monthly seasonally adjusted percentages of unemployment in the labor force of those 16 years and over. The total private average weekly hours of production workers are also extracted from the Bureau of Labor Statistics. The data are monthly and seasonally adjusted. The aggregate data are detrended using the Hodrick-Prescott filter with a smoothing parameter of 1600.
